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(57) Abstract: 

PROBLEM TO BE SOLVED: To secure the heat 
resistance of a ferritic stainless steel in long time 
use and to improve its workability by specifying the 
amt. of Nb to be added to the content . of C+N to 
precipitate specified Nb compounds after final annealing. 

SOLUTION: The compsn. of a ferritic stainless steel is 
composed of, by weight, sO.0030% C, ^0.0050% N, 0.05 
to 2.0% Si, 0.1 to 2.0% Mn, 10 to 22% Cr, Nb; COPYRIGHT: (C)1997,JPO 



(3x93/1 2xC+93/14 x N)% to 1.0%, and the balance Fe with 
inevitable impurities. The steel having the above 
compsn. is subjected to final annealing and is allowed 
to contain the formed Nb precipitates as Fe 3 Nb 3 C or 
Fe 2 Nb. This steel is, if required, furthermore 
incorporated with one or two kinds of Ti; [48x(N/14)] to 
0.5% and Al; [27 X (N/14)J to 0.020% or moreover 
incorporated with one or two kinds of 0.1 to 2.0% Mo and 
0.1 to 2.0% W. Thus, in the Nb-added steel, the solid 
solution C harmful for high temp, strength and 
formability can remarkably be reduced. 



<i9>B*B4s?frt <jp) 02) & i ^ It 5: ^ (a) * ium^mm^mmn 

#$§¥9-118961 



(43)&WB ¥fi£9¥0997)5fl6B 



(.5 U IntCl. 




F I 




o o no inn 

C 2 2 C 38/00 


3 0 2 


C 2 2 C 38/00 3 0 2 Z 


12 ID b/00 


10 2 


C21D 


6/00 1 0 2 E 


C2 ZC 38/38 




C 2 2 C 38/38 








tt*^CD&4 OL (£ 5 H) 




WIS W* — 274597 


(71) USA 


000006655 










(22) ffliB 


*FJGR 7 ^ (1995) 10^23 H 




SDlCa5=f «fflK^#»T 2 TS 6 # 3 ^ 
























3H±l«f5&l5g#SBl*l 








as «m 
























111* 3* 








^ssj&s»msrS2o- 1 srB*©an*5S; 














(74)ft8!A 













(54) [&W<D&m JnXtt*±tfW*tefc«Ufc:7:x:5'T K«Xr>l/X« 



(57) 

[If®] att*SISWUH*«>*mi LT, 

c : o. 0030 %WT> n : o . o o 

5 0 %Ji(T> Nb: 3X93/12XC + 93/14X 
N~l. 0%fcU f^MfiCNbRtttLTFe 
3 Nb3 CirMtiikKior, &S«fflK#-?JgS 



-1- 



c : 0. 0 0 3 0%ttT> 
N : 0. 0 0 5 0%WT\ 
Si : 0. 0 5-2. 0%, 
Mn : 0. 1-2. 0%, 
C r : 1 0-2 2%, 

Nb : (3X93/12XC+93/14XN) %- 
1.0% 

fcv^T, *^«e»^»*S*L*:Nb*raiWi:LT. F 
es Nba CifcliFe2 NbZ%i-Z>Zt*t$mt? 

T i : (4 8 X (N/ 14) ) %- 0. 5%, 
A 1 : (2 7 X (N/1 4) ) %-0. 0 2 0% 

<n 1 Ui felt 2m*^tsz t Z&Witir&m^m l IBtt 

IPIo 

Mo : 0. 1-2. 0%, 

w : o. i - 2 . 0% 

<n i mi 2 ttS-^-trBI** i 4 fcii 2 iB*ojniitt 

[»*«4] 2, 3 0v>fW>K|E|lO^ 

If&fflOfiMffl&t&lE] 
[0 0 0 1] 

x7-f b**x>i-xS8i3 4:O f miI^SS££:ix*:£»i 
[0 0 0 2] 

[0 0 0 3] ft*. Sift*^^*t^*C(i, SUH40 
9, SUS4 3 0 ] 1L^SUS 4 3 6 Lfi s fflv>t,n 

JSrrcfc^ *«ESCTffT*t»<t 
S^O^S^ffiv^ftTv^o 0flx.lf, #M^p3-2 6 
4 6 5 2*^KfMftO»«fctt|!Mg^«*jM-£ t 

[0004] cco4-?tc, inili 



(2) 9 - 1 1 8 9 6 1 

2 

<04'T-tJtK6-))¥^^<, «J? i:LT 1 . 0-2. 0 
mm7i s 4 < teffl S *u 1%&X<D& ET$l± f)i:< v^co^ 

ft«jw (~&i o*) »=«»)«ffls*t*!t*, sb#k^ 

ffli:#^SM (iSiaS£«o{g:T) i:ov>t3t»#i 

[0 0 0 5] 

ffo±-C. G£*li3Jtfl:x**#*Ki8iJI]U AiS^So 
|6]±*El-5>- fc#ff*>*trv>fc 0 Lrt>U — 3rf£*U4 

[ooo6] tzx^mxit. a«!o*riu»*«»-r 
x$>Z> 0 -rfcfct, aisro««*fl:-e*i»loNb«fffi» 

S:Fe3 Nb3 C^Fea Nb tfSitT*fi;(i ? ga| 

ftUtt i mm L t K*« L fcWKMtis 4: tfto 

JO *BWtt5. 
[0 0 0 7] 

1\ #SL"COj§tt* 3 5%ejSfil±JwjlSJe>4i4:tc#I 
Lfco i*t£T\ T i *3J:a f NbSr#Jte4 7t{4«^i)P 
U C£4^N£@^&i£T-})nl14£|fi]±$Hi-T£ 
tz 0 *<F>®&, T i 4J 4: ZFN b O^SiDi £ . C + NitC 

[0 0 0 8] Nbi&&nSiTM±, MCSfO^fct/NbC^ 
Ml8Li-2>W>&£ *) tMe Cfl^MttFes Nbs C 

{4, BtHjSia^<0[6]±^@?§Nb^*?aT-**i t, 
*a«ffl«fUJ4NbC*»a*4:Me ca<0^tfti:fft 



-2- 



., 3 . 

CSJ^Fe 2 Nb t LXti < lili, BiaSB#ffl'ffifflt> 

10 0 0 9] NbSD0O7x7'f HXf >UX 

iHT-OWait^LTIiW'b 7n -fa* vol. 4 

(19 9 1) ) *?Smh (*t#£ 7*n-tXvol. 4(19 
9 1)) 4«*«)fft*, C***l 0 Oppm SSt*l§^ 
»*l6Hi») t 3filfJ.Jl±!<S^»^tc*BLrv»4 0 CO 

n b HMkttitJtttn*: * vw-m xtis: t km 
{o o i o] *»w#e>i±, *fm®sp.t®tt^«F»ao 

^Fe2 Nb£.fc 9 Lt, C: 

0. 0 0 3 0%tlT> Nb : (3X93/12XC+9 
3/14XN) %~l. 0%£j|v»tfjU Siiaft^FM-K 

iBic#diii»a*oftT»iUfciinxtt«)i*i±*BBHcjt 
[ooi i] -r*fct, *3feWo5Brti, **%-ec 

: 0. 0 0 3 0%£IT, N : 0. 0 0 5 0%W 
T, S i : 0 . 0 5-2. 0 %, M n : 0 . 1 - 
2 . 0 %, C r : 1 0 - 2 2 %. N b : (3X93/1 
2XC+93/14XN) 0 U ftM 

d*F e££07TO3FM4fr*&Jft*Mt:&v>T, 
ft»^«:SitfcNbWm*4: LT, Fes Nbs C Sr 

[0 0 12] ±lfi*lfe^f@icii, £>9H=IdI:-C, **% 
fTi : (4 8X (N/1 4) ) %-0. 5%, A 1 : 

(2 7 X (N/1 4) ) %- 0. 0 2 0%<OllSfcli 
2ttSr> &&wWi££K#SSK£<CT*I:%T-Mo : 
0. 1-2. 0%Jf:liW: 0. 1-2. 0%Olii 

[0 0 13] 

NbfcO^:»;^<lSsa»a^teT3*4o &oT, 

rwai***it##u*sii"C*4o io**, o. o 

0 3 0%JTFfc L, NbgfcCfLiflMrT (3X93/ 
12XC+93/14XN) %J£K±fc Lfc„ 
[0 0 14] N : CH», fiSMXtt^-fb?-^ T i 

9T,IvCiiliL<, 0. 0 0 5 0%)3lTtL 

s i : Btsec*-e* <o , »«fttta«(ofc»o. 05% 

£L±fcl&. *?tv 2. 0 %J^_hco^»D«i. «L<EMb 
M n : m.m?t%-e * £ fctoo. 1 % JBUt t L -73, 



(3) #Hf 9- 1 1 8 9 6 1 

4 

2. 0%tL£o 

[0 0 1 5] C r : ^xvu^.gi<o^i4lieT-*-&itA 

0 , C(-iitt^W-S$fbtt*5S«1-'5>^«3^l 0%J21±t 

&2 2%tLtZo 1 0 0.0*0* T?eo»®tffc14 fcfln 

70 X14<OMj££#irt*tl£ 1 9%J£lT*«a* 

[0 0 16] Nb : C, NSrHJiU fiScff^JUXtefc i If 

fttLttfa3f^-tl3J:0''Nbl#* ? Fe2 Nbt 
Lxffim-fz z. t ^tSSRf Hffifflir^o atsiSSiafiT 

Z<Dfzib. 3 X 9 3/ 1 2 X C+ 9 3/1 4 XN^Nb 

1. 0%Srffli.4^in(±Wtt*^b*-**fc*l. 0% 
JTFfc L?t 0 

20 [0 0 17] ^SfciflKiJUTIi* .^RtOCC-CS bIZT 
i 1 (Dp* <ttl S£ -a"* 

Ti :«ptNtH3i***§fl«j-cifii)PL, iSBlmxte* 

|4l±?«fcft4 8X (N/14) %J0Ltt Lfco — 

SH-K'fbttfFffi^ioioT^^^ao^tt^^i: 

$i2r&£<6, 0. 5%»TtLfc, 
Al :»tCN*Ba#$*41WTjS*PL, J&»7JDX1±£ 
|6]JLSHir^fc*fj2 7 X (N/14) %W±.t L£ 0 - 
75> 0. 0 2 0%^^ r^iDli^S«ffl * K# 1 «■* 

op«3»e#«fl:o*)ft«:ieji-r43t», 0. 020%*: 

50 ±»t L7t 0 

[0 0 18] $<btC{4, Mo^W<0^&< t i> liW- 

, ski6i:-C'£*3*4„ 

Mo : Wil»K^»?l5ifttt#ttSrB**5c*-e*4^ 
ffitt^»«tt ! Sr*'fl:$*4 0. 1-2. 0%<7>tS 

0. 4%m±5i*S* L-v\, 

14^S«tt^^b^^^7t*5, 0. 1-2. 0%O^H 

40 4%m±d*aiLV» 0 

[0 0 19] M^ltf*ONb*fai%Ott«tcov>T{±, 

^t, ]SlS3SJSi3«tD f *^7JDXl4H*$^a^Cfi^ffi 
«5$€itt^<0 N b Mm * M C M^b 
t)T-li^<M6 CIttiitJtNbifttFezN 

[0 0 2 0] 

50 mtfem «i ^■tit^^-omu.mi, m&&m~ 



-3- 



(4) 



#^¥9 - 1 1 8 9 6 1 



X&2 OkgttSU 

Kft^l. 5imit omfoZftMLtZo -ttlbomfc 

(1) WiaSISB: 9 5 0lCUiJit40. 2 

[0 0 2 1 ] (2) Stffctftgfc : 9 5 Ot:x 2 0 OhrO^:* 



***attBffcffeJl, 9 5 O^TOO. 2 
[0 0 2 2] 

[*u] 



STEELS 


C 


N 


S i 


Mn 


C r 


Nb 


T i 


A£ 


Mo 


W 


Fe 3 Nb 3 C 
*&£<DWft 


0 2%ifttft 
(IPb) 


C % 3 


Dl 


0.0025 


0. 0045 


0.8 


0.6 


14.2 


a 42 


— 


0. 010 


0.5 


— 




290 


35 


D2 


0.0013 


0. 0044 


0.9 


0.2 


13.5 


0.10 


— 


0.009 


— 


— 


*r t) 


285 


37 


D3 


0. 0025 


0. 0045 


0.8 


0. 2 


15.0 


a 12 




0. 013 








295 


36 


D4 


0.0011 


0. 0043 


0.2 


0.3 


20.0 


0 32 




0.008 








290 


38 


D5 


0. 0028 


0. 0045 


0.3 


0.2 


17.1 


0 27 




0.007 








285 


38 


D6 


0.0025 


0. 0041 


0.6 


0.2 


16.5 


a 25 


0. 02 


0.005 




0.7 




290 


40 


D7 


0. 0023 


0. 0040 


0.9 


0.8 


16.8 


0.54 




0. 013 


1.6 






310 


35 


D8 


0.0026 


0. 0046 


0.9 


0.8 


16.5 


0.43 


0. 02 


0.015 


L4 






300 


35 


CI 


0.0024 


0.0045 


2.5 


0.2 


13.8 


a 06 




0.011 






m l 


345 


27 


C2 


0. 0037 


0. 0042 


0.8 


0.8 


16.5 


a 09 




0. 012 






m l 


300 


36 


C3 


0. 0051 


0.0045 


0.9 


0.8 


17.0 


a 22 




0. 009 






ft L 


315 


33 


C4 


0. 0045 


O.0O45 


0.8 


0,7 


16.7 


a 31 




0. C50 






ft l 


315 


34 


C5 


0.0025 


a oioi 


0.9 


0.5 


14.0 


a 14 




0. 008 






m l 


310 


32 


C6 


0. 0020 


0.0044 


0.7 


0.3 


25.1 


0.25 


0.72 


0. 020 






ft L " 


365 


27 


C7 


0.O024 


O.0040 


0.9 


0.6 


16.5 


0 40 




0.010 


3.1 




ft l 


350 


28 


C8 


0.0023 


0. 0043 


1.1 


0.3 


13.5 


0.41 




0.011 


0.5 


&2 


ft t 


380 


27 


C9 


0.0024 


0. 0043 


0.2 


0.8 


19.2 


L 30 




0.011 






m l 





[0 0 2 3] 



[*2] 



STEELS 


950*0© u.2mvi 


95cncx2oobr mmimv 




950^x2001* mmtfmvmmz 


OPa) : A 


950X10 0.2%Itt : B 


(1-B/A)xl00 






D 1 


18 


17 


6 


m l 


stasis i 


D2 


10 


9 


10 


ft l 


M & L 


D 3 


10 


10 


0 


ft l 


M ft ft L 


D4 


14 


13 


7 


ft L 


Mftft L 


D 5 


12 


11 


8 


ft l 


8IIBft L 


i D 6 


16 


l IS 


6 


m l 


81 IB ft L 


1 D 7 


21 


19 


10 


m l 


&IRft L 


D8 


20 


19 


5 


m l 




CI 


10 


8 


20 


m l 


mil 


C 2 


10 


8 


20 


m t 


SI IB ft L 


C3 


12 


8 


33 


m t 


81 IB ft L 


C4 


15 


9 


40 


w 


$f IB ft L 


C5 


11 


8 


27 


« t 


8118ft L 


C6 


13 


11 


8 


ft L 


na*m 


C7 


21 


20 


4 


ft L 




C8 


22 


20 


8 


ft L 


81 IB ft L 


C9 





[0 0 2 4] D1~D8 0#3&9§SII±, «ffl«l$mt=# 
9 BSJaaweoftT*** 1 0%JiTFi:flS:<, *»fc*ir»T 



50 



a«C 1 ~C 4 (Cov>TI±, 3X93/12XC + 93 



-4- 



*fflaKOlB:T*jF2 0%Jft±fc*:Sv\, ifc, AS i 
<DC 1 , AC r<OC6, AM0AWOC6, C7, C8 

(iflta-cuwa-ffiiSte-c**. at i oc 6 liSHfct* 

*&«>BMfc&llfHlfl **» L vvB* i: 4 o T v» « . * fc," 
AN b OC 9 li&3^£«8l4!WB:v>fcit>}&@ 1 B US 

[0 0 2 5] 



1fH¥9- 1 1 8 9 6 1 

; s 

Fea Nb3 CSr^J&^-tf&O-TN SDI14J3 J: I>*iH*M4 



70 > h^-yOS§ 



(72) A® 

«WH**.WTlf^fllKJM(Wri»l# fr 



-5- 



